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57 ABSTRACT

A vibration-damping device (10) includes a first attachment
member (11) having a cylindrical shape connected to any one
of'a vibration generating unit and a vibration receiving unit, a
second attachment member (12) connected to the other unit,
an elastic body (13) configured to connect both of the attach-
ment members, and a partition member (15) configured to
divide a liquid chamber (16) in the first attachment member
(11) into a main liquid chamber (17) having a wall surface
formed partly from the elastic body (13), and a subsidiary
liquid chamber (18). In the partition member (15), an accom-
modating chamber (47) in communication with the main
liquid chamber (17) and the subsidiary liquid chamber (18)
through communication holes (46 A, 46B) opened in an axial
direction, an elastically deformable membrane (48) accom-
modated in the accommodating chamber (47) and separately
exposed to the main liquid chamber (17) and the subsidiary
liquid chamber (18) through the communication holes (46A,
46B), and restriction sections (51A, 51B) disposed more out-
side in the axial direction than the communication holes
(46 A, 46B) and overlapping the membrane (48) through the
communication holes (46A, 46B) in the axial direction are
installed. According to the vibration-damping device (10),
performance of the membrane (48) can be maintained for a
long period of time.

4 Claims, 3 Drawing Sheets
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1
VIBRATION-DAMPING DEVICE

TECHNICAL FIELD

The present invention relates to a vibration-damping
device.

Priority is claimed on Japanese Patent Application No.
2012-141931, filed Jun. 25, 2012, the content of which is
incorporated herein by reference.

BACKGROUND ART

In the related art, for example, a vibration-damping device
disclosed in Patent Literature 1 is known. The vibration-
damping device includes a first attachment member having a
cylindrical shape connected to any one of a vibration gener-
ating unit and a vibration receiving unit, a second attachment
member connected to the other unit, an elastic body config-
ured to connect both of the attachment members, and a par-
tition member configured to divide a liquid chamber in the
first attachment member in which liquid is sealed in an axial
direction into a main liquid chamber having a wall surface
formed partly from the elastic body and a subsidiary liquid
chamber. An accommodating chamber in communication
with the main liquid chamber and the subsidiary liquid cham-
ber through communication holes opened in an axial direc-
tion, and an elastically deformable membrane accommodated
in the accommodating chamber and separately exposed to the
main liquid chamber and the subsidiary liquid chamber
through the communication holes are installed at the partition
member.

In the vibration-damping device, when vibrations having
large amplitudes are input in the axial direction, as the mem-
brane is displaced or elastically deformed in the axial direc-
tion in the accommodating chamber, the membrane abuts the
inner surface of the accommodating chamber to close the
communication hole from the inside in the axial direction.
Meanwhile, when vibrations having small amplitudes are
input in the axial direction, the membrane is displaced or
elastically deformed in the axial direction in the accommo-
dating chamber so as not to close the communication hole,
and a variation in the liquid pressure in the main liquid cham-
ber is applied to the subsidiary liquid chamber through the
communication holes and the accommodating chamber.
Accordingly, the large variation in the liquid pressure in the
main liquid chamber is suppressed to make the vibration-
damping device as a low spring, i.e., suppress an increase in
the spring constant of the vibration-damping device, improv-
ing ride comfort characteristics.

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese Unexamined Patent Applica-
tion, First Publication No. 2006-97824

SUMMARY OF INVENTION
Technical Problem

Here, in such a vibration-damping device, for example,
reliable reduction in a spring constant is required even when
the vibrations having small amplitudes and a high frequency
serving as vibrations generated during running of the vehicle
are input. In regard to the requirement, it is considered to
correspond to an increase in an opening area of the commu-
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nication hole. However, in this case, when the vibrations
having large amplitudes are input in the axial direction, after
the membrane abuts the inner surface of the accommodating
chamber to close the communication hole from the inside in
the axial direction, the membrane may be excessively
deformed from the accommodating chamber toward the out-
side of the accommodating chamber through the communi-
cation hole in some cases, and thus, the membrane may be
deteriorated prematurely.

In consideration of the above-mentioned circumstances,
the present invention is directed to provide a vibration-damp-
ing device capable of maintaining performance of a mem-
brane for a long period of time.

Solution to Problem

In order to solve the problems, the present invention pro-
vides the following means.

A vibration-damping device according to the present
invention includes a first attachment member having a cylin-
drical shape connected to any one of a vibration generating
unit and a vibration receiving unit, and a second attachment
member connected to the other unit; an elastic body config-
ured to connect both of the attachment members; and a par-
tition member configured to divide a liquid chamber in the
first attachment member, in which liquid is sealed, into a main
liquid chamber having a wall surface formed partly from the
elastic body, and a subsidiary liquid chamber, wherein, in the
partition member, an accommodating chamber in communi-
cation with the main liquid chamber and the subsidiary liquid
chamber through communication holes opened in an axial
direction of the first attachment member, and an elastically
deformable membrane accommodated in the accommodating
chamber and separately exposed to the main liquid chamber
and the subsidiary liquid chamber through the communica-
tion holes are installed, and in the partition member, a restric-
tion section disposed more outside in the axial direction than
the communication hole and overlapping the membrane in the
axial direction through the communication hole is installed.

According to the present invention, since the restriction
section is installed at the partition member, when the vibra-
tions having large amplitudes are input in the axial direction
and the membrane is deformed from the accommodating
chamber toward the outside of the accommodating chamber
through the communication hole in the axial direction, further
deformation of the membrane can be restricted as the mem-
brane abuts the restriction section. Accordingly, excessive
deformation of the membrane can be suppressed, and perfor-
mance of the membrane can be maintained for a long period
of time.

In addition, since the restriction section is disposed more
outside in the axial direction than the communication hole,
reduction in the opening area of the communication hole due
to formation of the restriction section can be suppressed.
Accordingly, an increase in a spring constant of the vibration-
damping device can be reliably suppressed even when the
vibrations having a high frequency are input.

In addition, the plurality of communication holes may be
disposed at intervals in a circumferential direction of the first
attachment member, the length in a circumferential direction
of the communication hole may be gradually increased from
the inside toward the outside in a radial direction of the first
attachment member, an inter-hole portion disposed between
the communication holes neighboring in a circumferential
direction of the partition member may extend in the radial
direction, and the length in a circumferential direction of the
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inter-hole portion may be gradually increased from the inside
toward the outside in the axial direction.

In this case, since the length in the circumferential direc-
tion of the inter-hole portion of the partition member is gradu-
ally increased from the inside toward the outside in the axial
direction, when the vibrations having large amplitudes are
input in the axial direction and the membrane abuts the inner
surface of the accommodating chamber, an area in which the
membrane comes in contact with the surface of inter-hole
portion directed inward in the axial direction can be gently
increased. Accordingly, strange noises generated as the mem-
brane abuts the partition member can be suppressed.

In addition, in this way, in the case in which the length in
the circumferential direction of the inter-hole portion of the
partition member is gradually increased from the inside
toward the outside in the axial direction, when the vibrations
having large amplitudes are input in the axial direction, the
membrane is likely to be excessively deformed from the
accommodating chamber toward the outside of the accom-
modating chamber through the communication hole in the
axial direction. Accordingly, an effect is remarkably achieved
in which excessive deformation of the membrane can be
remarkably suppressed by the restriction section.

In addition, a surface of the inter-hole portion directed
inward in the axial direction may be formed in an arc shape
convexed inward in the axial direction when seen in a cross-
sectional view in both of the axial direction and the circum-
ferential direction.

In this case, since the surface of the inter-hole portion of the
partition member directed inward in the axial direction is
formed in the arc shape convexed inward in the axial direction
when seen in the cross-sectional view, the area in which the
membrane comes in contact with the surface of the inter-hole
portion directed inward in the axial direction can be more
gently increased.

Advantageous Effects of Invention

According to the vibration-damping device of the present
invention, performance of the membrane can be maintained
for a long period of time.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 s alongitudinal cross-sectional view of a vibration-
damping device according to an embodiment of the present
invention;

FIG. 2 is a perspective view of a partition member that
constitutes the vibration-damping device shown in FIG. 1;

FIG. 3 is a cross-sectional view of an inter-hole portion of
a partition member that constitutes a vibration-damping
device according to a variant of the present invention; and

FIG. 4 is a perspective view of major parts of the partition
member that constitutes the vibration-damping device
according to the variant of the present invention.

DESCRIPTION OF EMBODIMENT

Hereinafter, a vibration-damping device according to an
embodiment of the present invention will be described based
on the accompanying drawings.

As shown in FIG. 1, a vibration-damping device 10 is an
engine mount configured to support an engine serving as a
vibration generating unit in an automobile with respect to a
vehicle body serving as a vibration receiving section. The
vibration-damping device 10 includes a first attachment
member 11 having a cylindrical shape and connected to any
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one of the vibration generating unit and the vibration receiv-
ing unit, a second attachment member 12 connected to the
other unit, and an elastic body 13 configured to elastically
connect the first attachment member 11 and the second
attachment member 12.

Here, central axes of the first attachment member 11, the
second attachment member 12 and the elastic body 13 are
disposed on a common axis. Hereinafter, the common axis is
referred to as an axis O, a direction along the axis O is referred
to as an axial direction, a subsidiary liquid chamber 18 side is
referred to as the other side, a direction perpendicular to the
axis O is referred to as a radial direction, and a direction
orbiting the axis O is referred to as a circumferential direc-
tion. In addition, a lower side of FIG. 1 is a bound side, i.e., a
direction in which a static load (an initial load) is input when
the vibration-damping device 10 is installed, and an upper
side of FIG. 1 is a rebound side, i.e., an opposite side of the
input direction of the static load. In the following description,
the bound side is referred to as “downward” and the rebound
side is referred to as “upward.”

A large diameter section 20 having a cylindrical shape is
formed at an upper end section of the first attachment member
11. A small diameter section 21 having a cylindrical shape
with a diameter smaller than that of the large diameter section
20 is formed at a lower end section of the first attachment
member 11. A recessed section 22 having a diameter reduced
toward an inner circumferential side is formed between the
large diameter section 20 and the small diameter section 21.
The small diameter section 21 is fitted into a cylindrical
section of a vehicle body-side bracket (not shown). The first
attachment member 11 is fixed to a vehicle body via the
vehicle body-side bracket.

The second attachment member 12 is a columnar member
extending in the axial direction. The second attachment mem-
ber 12 is disposed inside in the radial direction of the first
attachment member 11. The second attachment member 12 is
disposed over the first attachment member 11 substantially
concentrically with the first attachment member 11. A lower
section of the second attachment member 12 is formed in a
tapered shape having a diameter gradually reduced in a down-
ward direction. A screw hole 23 extending from a center of an
upper end surface of the second attachment member 12 in the
axial direction is formed at an upper section of the second
attachment member 12. A bolt 24 of an engine-side bracket
(not shown) is twisted and fitted into the screw hole 23. The
second attachment member 12 is fixed to an engine via the
engine-side bracket. An anchor section 25 protruding out-
ward in the radial direction is formed at an intermediate
portion in the axial direction of the second attachment mem-
ber 12.

The elastic body 13 is a rubber body configured to close an
opening section of an upper side of the first attachment mem-
ber 11. An outer circumferential surface of the elastic body 13
is vulcanized and adhered to the large diameter section 20 of
the first attachment member 11 and the inner circumferential
surface of the recessed section 22, and the inner circumfer-
ential surface of the elastic body 13 is vulcanized and adhered
to the outer circumferential surface of the lower section of the
second attachment member 12. An inner ring 26 disposed
between the first attachment member 11 and the second
attachment member 12 is buried in the elastic body 13. In the
upper end section of the elastic body 13, a rubber coating
body 27 configured to cover the anchor section 25 is inte-
grally formed with the elastic body 13, and a rebound stopper
is formed by the rubber coating body 27 and the anchor
section 25. In the lower end section of the elastic body 13, a
rubber membrane 28 configured to coat the inner circumfer-
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ential surface of the small diameter section 21 is integrally
formed with the elastic body 13. Further, an elastic body
formed of a synthetic resin or the like, other than rubber, may
also be used as the elastic body 13.

An opening section of a lower side of the first attachment
member 11 is closed by a diaphragm 14. The diaphragm 14 is
a lid body fitted into the small diameter section 21 of the first
attachment member 11. The diaphragm 14 includes a dia-
phragm ring 30 having a substantially cylindrical shape, and
a diaphragm rubber 31 having a membranous shape and con-
figured to close the inside of the diaphragm ring 30. The
diaphragm rubber 31 is a rubber membrane having a bowl
shape. An outer circumferential section of the diaphragm
rubber 31 is vulcanized and adhered to an inner circumferen-
tial surface of the diaphragm ring 30. The diaphragm 14 is
fixed to the first attachment member 11 by caulking the lower
end section of the diaphragm ring 30 to the inside in the radial
direction along with the lower end section of the small diam-
eter section 21 in a state in which the diaphragm 14 is fitted
into the small diameter section 21 of the first attachment
member 11. Further, the rubber membrane 28 is interposed
between the outer circumferential surface of the diaphragm
ring 30 and the inner circumferential surface of the small
diameter section 21 of the first attachment member 11.
Accordingly, water tightness of a place at which the dia-
phragm 14 and the first attachment member 11 are fitted is
secured.

A liquid chamber 16 in which a liquid such as ethylene
glycol, water, or the like, is sealed is formed inside the first
attachment member 11. The liquid chamber 16 is closed by
the elastic body 13 and the diaphragm 14. The liquid chamber
16 is divided into a main liquid chamber 17 of an upper side
and the subsidiary liquid chamber 18 of a lower side in the
axial direction by a partition member 15 disposed inside the
first attachment member 11. The main liquid chamber 17 is a
liquid chamber formed using the elastic body 13 as a part of
a partition wall. The inner capacity of the main liquid cham-
ber 17 is varied by deformation of the elastic body 13. The
subsidiary liquid chamber 18 is a liquid chamber using the
diaphragm 14 as a part of a partition wall. An inner capacity
of the subsidiary liquid chamber 18 is varied by deformation
of the diaphragm rubber 31 of the diaphragm 14.

As shown in FIG. 2, the partition member 15 includes a
main body member 40 having a bottomed cylindrical shape,
and a plate-shaped lid member 45 attached to the upper sur-
face of the main body member 40 and covering an upper
opening of the main body member 40.

The main body member 40 is fitted into the small diameter
section 21 of the first attachment member 11. The main body
member 40 is a circular member when seen in a plan view, and
formed of, for example, a metal, a resin, or the like. A bottom
plate section 44 of the main body member 40 is installed at an
intermediate section in the axial direction of the main body
member 40. The bottom plate section 44 is disposed perpen-
dicular to the axis O. A restriction passage 41 in communi-
cation with the main liquid chamber 17 and the subsidiary
liquid chamber 18 is formed at the outer circumferential
surface of the main body member 40. The restriction passage
41 is a liquid flow path extending in the circumferential
direction of the first attachment member 11. A circumferen-
tial groove 40a is formed in the outer circumferential surface
of'the main body member 40, and the restriction passage 41 is
formed by the circumferential groove 40a. A portion opened
outside in the radial direction of the circumferential groove
40a is closed by the rubber membrane 28.

As shown in FIG. 2, an opening section 42 near the main
liquid chamber in communication with the restriction passage
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41 and the main liquid chamber 17 is formed at a first end
section in a flow path length direction, which is a direction
along the length of the restriction passage 41. The opening
section 42 is a port opened toward the main liquid chamber 17
and through which liquid flows to enter and exit. The opening
section 42 is formed at the upper surface of the main body
member 40. The opening section 42 is formed by cutting a
portion of the first end section in the flow path length direction
of' the restriction passage 41 in the upper surface of the main
body member 40, and extends in an arc shape in the circum-
ferential direction.

An opening section 43 near the subsidiary liquid chamber
in communication with the restriction passage 41 and the
subsidiary liquid chamber 18 is formed at a second end sec-
tion in the flow path length direction of the restriction passage
41. The opening section 43 is a port opened toward the sub-
sidiary liquid chamber 18 and through which the liquid flows
to enter and exit. The opening section 43 is formed at a lower
surface of the main body member 40. The opening section 43
is formed by cutting a portion of the second end section in the
flow path length direction of the restriction passage 41 in the
lower surface of the main body member 40, and extends in an
arc shape in the circumferential direction.

The lid member 45 is a flat plate-shaped member having a
circular shape when seen in a plan view. An outer diameter of
the lid member 45 is substantially equal to an outer diameter
of the main body member 40. A cutout opening 45a in com-
munication with the opening section 42 near the main liquid
chamber is formed at the lid member 45. The opening 454
extends throughout the entire length in the circumferential
direction of the opening section 42, and is a cutout in an arc
shape when seen in a plan view. The opening section 42 is
opened at the main liquid chamber 17 via the inside of the
opening 45a.

As shown in FIG. 1, in the embodiment, an accommodat-
ing chamber 47 and an elastically deformable membrane 48
are installed at the partition member 15.

The accommodating chamber 47 is disposed between the
bottom plate section 44 of the main body member 40 and the
lid member 45. An inner surface of the accommodating cham-
ber 47 is constituted by surfaces of the bottom plate section 44
and the lid member 45 facing inward in the axial direction.
The accommodating chamber 47 comes in communication
with the main liquid chamber 17 and the subsidiary liquid
chamber 18 through communication holes 46 A and commu-
nication holes 46B opened in the axial direction, respectively.
The membrane 48 is accommodated in the accommodating
chamber 47 and separately exposed to the main liquid cham-
ber 17 and the subsidiary liquid chamber 18 through the
communication holes 46 A and 46B, respectively.

The communication holes 46 A and 46B are formed in the
end surfaces directed outward in the axial direction in the
partition member 15. The communication holes 46 A and 46B
are disposed at a portion disposed more inside in the radial
direction than the membrane 48. A first communication hole
46A in communication with the accommodating chamber 47
and the main liquid chamber 17 and a second communication
hole 46B in communication with the accommodating cham-
ber 47 and the subsidiary liquid chamber 18 are provided in
the communication holes 46 A and 46B. As shown in FIGS. 1
and 2, the plurality of first communication holes 46 A and the
plurality of second communication holes 46B are disposed at
intervals in the circumferential direction. Lengths in the cir-
cumferential direction of the first communication hole 46A
and the second communication hole 46B are gradually
increased from the inside toward the outside in the radial
direction. A first hole array 49A having an annular shape in
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which the first communication holes 46A are disposed at
intervals in the circumferential direction and a second hole
array 49B having an annular shape in which the second com-
munication holes 46B are disposed at intervals in the circum-
ferential direction have substantially the same shape and sub-
stantially the same size.

The four first communication holes 46A are formed in the
lid member 45 at intervals in the circumferential direction.
The first communication holes 46A have substantially the
same shape and substantially the same size. In a plan view of
the partition member 15 when seen in a plan view in the axial
direction, the first communication hole 46 A has a fan shape in
which a central angle is 90 degrees. In the plan view, the
plurality of first communication holes 46A are disposed in
point-symmetry with respect to the axis O. In the partition
member 15, a first inter-hole portion 50A disposed between
the first communication holes 46 A neighboring in the circum-
ferential direction extends in the radial direction. The plural-
ity of first inter-hole portions S0A are disposed at equal inter-
vals in the circumferential direction. The first inter-hole
portions 50A have substantially the same shape and substan-
tially the same size. The first inter-hole portion 50 A connects
a central section disposed more inside in the radial direction
than the first hole array 49A and an outer circumferential
section disposed more outside in the radial direction than the
first hole array 49A in the lid member 45.

The four second communication holes 46B shown in FIG.
1 are formed in the bottom plate section 44 of the main body
member 40 at equal intervals in the circumferential direction.
The second communication holes 46B have substantially the
same shape and substantially the same size. In the plan view,
the second communication hole 46B has a fan shape in which
a central angle is 90 degrees. In the plan view, the plurality of
second communication holes 46B are disposed in point sym-
metry with respect to the axis O. In the partition member 15,
a second inter-hole portion 50B disposed between the second
communication holes 46B neighboring in the circumferential
direction extends in the radial direction. The second inter-
hole portions 50B are disposed at equal intervals in the cir-
cumferential direction. The second inter-hole portions 50B
have substantially the same shape and substantially the same
size. The second inter-hole portion 50B connects a central
section disposed more inside in the radial direction than the
second hole array 49B and an outer circumferential section
disposed more outside in the radial direction than the second
hole array 49B in the bottom plate section 44 of the main body
member 40.

The membrane 48 is a disk-shaped member having a diam-
eter larger than that of the first hole array 49 A and the second
hole array 49B. The membrane 48 is constituted by, for
example, an elastic member such as rubber or the like, and can
be vertically vibrated in the accommodating chamber 47. The
membrane 48 is a movable plate displaced in the axial direc-
tion according to a pressure difference between the main
liquid chamber 17 and the subsidiary liquid chamber 18. The
membrane 48 abuts the inner surface of the accommodating
chamber 47 to close all of the plurality of first communication
holes 46A or all of the plurality of second communication
holes 46B when subsequent shake vibrations serving as the
vibration having a resonance frequency of restriction passage
41 are input. Further, the membrane 48 may be a so-called
fixed membrane. In this case, in the fixed membrane, the outer
circumferential section is fixed into the accommodating
chamber 47, and the central section more inside than the outer
circumferential section can be elastically deformed in the
axial direction.
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Restriction sections S1A and restriction sections 51B are
installed at the partition member 15. The restriction sections
51A and 51B are disposed more outside in the axial direction
than the communication holes 46 A and 46B, and overlap the
membrane 48 in the axial direction through the communica-
tion holes 46 A and 46B. The plurality of restriction sections
51A and 51B are installed to correspond to all of the commu-
nication holes 46 A and 46B. The restriction sections 51A and
51B include a first restriction section 51A disposed more
outside in the axial direction than the first communication
hole 46 A and a second restriction section 51B disposed more
outside in the axial direction than the second communication
hole 46B.

The first restriction section 51A straddles over the first
communication hole 46A in the radial direction. Both of the
end sections in the radial direction of the first restriction
section 51A are separately connected to the lid member 45.
As shown in FIG. 2, in the plan view, the first restriction
sections 51A radially cross the central section of the first
communication hole 46A in the circumferential direction.
The first restriction sections 51A and the first inter-hole por-
tions 50 A of the partition member 15 are alternately disposed
in the circumferential direction. A surface of the first restric-
tion section S1A directed inward in the axial direction has an
area larger than that of the first inter-hole portion 50A
directed inward in the axial direction.

As shown in FIG. 1, the second restriction section 51B
straddles under the second communication hole 46B in the
radial direction. Both of the end sections in the radial direc-
tion of the second restriction section 51B are separately con-
nected to the bottom plate section 44 of the main body mem-
ber 40. In the plan view, the second restriction sections 51B
radially cross the central section of the second communica-
tion hole 46B in the circumferential direction. The second
restriction sections 51B and the second inter-hole portions
50B of the partition member 15 are alternately disposed in the
circumferential direction. A surface of the second restriction
section 51B directed inward in the axial direction has an area
larger than that of the second inter-hole portion 50B directed
inward in the axial direction.

Inthe vibration-damping device 10, the second attachment
member 12 is connected to the engine (not shown) via the
engine-side bracket (not shown), and the first attachment
member 11 is connected to the vehicle body (not shown) via
the vehicle body-side bracket (not shown). Accordingly, the
vibration-damping device 10 is interposed between the
engine and the vehicle body.

When the engine is operated, the vibrations of the engine
are transmitted to the second attachment member 12 of the
vibration-damping device 10 via the engine-side bracket.
Accordingly, the vibrations having a relatively low frequency,
i.e., shake vibrations having larger amplitudes and smaller
frequency (for example, 8 Hz to 15 Hz) than in the idle
operation, are input in the vibration-damping device 10. Here,
as the elastic deformity and displacement of the membrane 48
in the accommodating chamber 47 in the axial direction is
synchronized with a variation in the liquid pressure in the
main liquid chamber 17 according to the input of the vibra-
tions, the membrane 48 abuts the inner surface of the accom-
modating chamber 47 to close the communication holes 46 A
and 46B. For this reason, the liquid pressure of the main liquid
chamber 17 is varied according to repeated motions in the
vertical direction of the second attachment member 12 by the
shake vibrations (movement in which motions toward the
bound side and motions in the rebound direction are alter-
nately repeated). Accordingly, an inner pressure difference
between the main liquid chamber 17 and the subsidiary liquid
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chamber 18 is generated, and the liquid in the liquid chamber
16 reciprocates between the main liquid chamber 17 and the
subsidiary liquid chamber 18 through the restriction passage
41. A flow path length and a cross-sectional area of the restric-
tion passage 41 are adjusted to correspond to the shake vibra-
tions, and a resonance phenomenon (a liquid column reso-
nance) is generated in the liquid flowing through the
restriction passage 41 to attenuate the shake vibrations.
Accordingly, the vibrations transmitted to the vehicle body
are reduced.

Here, in the embodiment, after the shake vibrations or the
vibrations having even larger amplitudes are input and the
membrane 48 closes the communication holes 46 A and 468,
when the membrane 48 is deformed from the inside of the
accommodating chamber 47 toward the outside ofthe accom-
modating chamber 47 through the communication holes 46 A
and 46B in the axial direction to abut the restriction sections
51A and 51B, further deformation of the membrane 48 is
restricted.

Meanwhile, for example, when the number of revolutions
of the engine is increased to more than in the idle operation
and the automobile travels at a constant speed, the vibrations
having a relatively higher frequency, i.e., high frequency
vibrations having smaller amplitudes and higher frequency
than in the idle operation (for example, 80 Hz to 100 Hz) are
input into the vibration-damping device 10. Then, while anti-
resonance is generated in the restriction passage 41 to restrict
circulation of the liquid, the membrane 48 is displaced or
elastically deformed in the accommodating chamber 47 in the
axial direction. Accordingly, the liquid pressure of the main
liquid chamber 17 is applied to the subsidiary liquid chamber
18 through the communication holes 46A and 46B and the
accommodating chamber 47. As a result, a large variation in
the liquid pressure in the main liquid chamber 17 is sup-
pressed, and an increase in the spring constant of the vibra-
tion-damping device 10 is suppressed.

As described above, according to the vibration-damping
device 10 of the present embodiment, since the restriction
sections 51A and 51B are installed at the partition member
15, when the membrane 48 is deformed toward the outside of
the accommodating chamber 47 from the inside of the accom-
modating chamber 47 through the communication holes 46 A
and 46B in the axial direction, further deformation of the
membrane 48 is restricted as the membrane 48 abuts the
restriction sections 51A and 51B. Accordingly, excessive
deformation of the membrane 48 can be suppressed, and
performance of the membrane 48 can be maintained for a long
period of time.

In addition, since the restriction sections 51A and 51B are
disposed more outside in the axial direction than the commu-
nication holes 46 A and 46B, reduction in the opening area of
the communication holes 46 A and 46B due to formation of
the restriction sections 51A and 51B can be suppressed, and
an increase in the spring constant of the vibration-damping
device 10 can be reliably suppressed even when the high
frequency vibrations are input.

In addition, since the surface of the first restriction section
51A directed inward in the axial direction has an area larger
than that of the first inter-hole portion 50 A directed inward in
the axial direction, a contact area between the membrane 48
and the first restriction section 51A can be secured, and exces-
sive deformation of the membrane 48 can be securely sup-
pressed.

In addition, since the surface of the second restriction sec-
tion 51B directed inward in the axial direction has an area
larger than that of the second inter-hole portion 50B directed
inward in the axial direction, a contact area between the

10

15

20

25

30

35

40

45

50

55

60

65

10

membrane 48 and the second restriction section 51B can be
secured, and excessive deformation of the membrane 48 can
be securely suppressed.

Further, the technical scope of the present invention is not
limited to the embodiment but various modifications may be
made without departing from the scope of the present inven-
tion.

For example, as shown in FIG. 3, the length in the circum-
ferential direction of each of the inter-hole portions S0A and
50B of the partition member 15 may be gradually increased
from the inside toward the outside in the axial direction.
Further, in the example shown, the surfaces of the inter-hole
portions 50A and 50B directed inward in the axial direction
are formed in arc shapes convexed inward in the axial direc-
tion when seen in a cross-sectional view in both of the axial
direction and the circumferential direction.

In this case, since the length in the circumferential direc-
tion of each of the inter-hole portions 50A and 50B of the
partition member 15 is gradually increased from the inside
toward the outside in the axial direction, when the vibrations
having large amplitudes are input in the axial direction and
the membrane 48 abuts the inner surface of the accommodat-
ing chamber 47, an area in which the membrane 48 comes in
contact with the surfaces of the inter-hole portions 50A and
50B directed inward in the axial direction can be gently
increased. Accordingly, strange noises generated as the mem-
brane 48 abuts the partition member 15 can be suppressed.

Further, in this case, since the surfaces of the inter-hole
portions 50A and 50B of the partition member 15 directed
inward in the axial direction are formed in arc shapes con-
vexed inward in the axial direction, an area in which the
membrane 48 comes in contact with the surfaces of the inter-
hole portions 50A and 50B directed inward in the axial direc-
tion can be more gently increased.

In addition, as described above, in the case in which the
lengths in the circumferential direction of the inter-hole por-
tions 50A and 50B of the partition member 15 are gradually
increased from the inside toward the outside in the axial
direction, when the vibrations having large amplitudes are
input in the axial direction, the membrane 48 is likely to be
easily deformed from the inside of the accommodating cham-
ber 47 toward the outside of the accommodating chamber 47
through the communication holes 46A and 46B in the axial
direction. Accordingly, an effect is remarkably achieved in
which excessive deformation of the membrane 48 can be
remarkably suppressed by the restriction sections 51A and
51B.

In addition, in the embodiment, while both of the end
sections in the radial direction of the restriction sections S1A
and 51B are separately connected to the partition member 15,
the present invention is not limited thereto. For example, only
one end section in the radial direction of the restriction section
may be connected to the partition member, and the other end
section may not be connected to the partition member.

Further, in the embodiment, while the restriction sections
51A and 51B extend in the radial direction, the present inven-
tion is not limited thereto. For example, as shown in FIG. 4,
the restriction sections 51A and 51B may extend in the cir-
cumferential direction.

In addition, in the embodiment, while the first restriction
section 51A and the second restriction section 51B are pro-
vided as the restriction sections 51A and 51B, the present
invention is not limited thereto. For example, as the restriction
section, only the first restriction section may be provided or
only the second restriction section may be provided. Further,
even in the case in which only the second restriction section is
provided, when the vibrations are input and the liquid pres-
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sure of the main liquid chamber is increased, excessive defor-
mation of the membrane can be effectively suppressed. Fur-
ther, the restriction passage 41 may not be provided.

In addition, the communication holes 46 A and 46B are not

limited to the embodiment, and for example, the plurality of

communication holes may not be disposed in the circumfer-
ential direction.

In addition, the components of the embodiment may be
appropriately substituted with known components without
departing from the scope of the present invention, and the
above-mentioned variant may be appropriately combined
therewith.

INDUSTRIAL APPLICABILITY

In the vibration-damping device, performance of the mem-
brane can be maintained for a long period of time.

REFERENCE SIGNS LIST

10 vibration-damping device
11 first attachment member

12 second attachment member
13 elastic body

15 partition member

16 liquid chamber

17 main liquid chamber

18 subsidiary liquid chamber
46A, 46B communication hole
47 accommodating chamber
48 membrane

50A, 50B inter-hole portion
51A, 51B restriction section

The invention claimed is:

1. A vibration-damping device comprising:

a first attachment member having a cylindrical shape con-
nected to any one of a vibration generating unit and a
vibration receiving unit, and a second attachment mem-
ber connected to the other unit;

an elastic body configured to connect both of the attach-
ment members; and

apartition member configured to divide a liquid chamber in
the first attachment member, in which liquid is sealed,
into a main liquid chamber having a wall surface formed
partly from the elastic body, and a subsidiary liquid
chamber,

wherein, in the partition member,

an accommodating chamber in communication with the
main liquid chamber through one or more first commu-
nication holes opened in an axial direction of the first
attachment member and the subsidiary liquid chamber
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through one or more second communication holes
opened in the axial direction, and

an elastically deformable membrane accommodated in the

accommodating chamber and separately exposed to the
main liquid chamber and the subsidiary liquid chamber
through the first and the second communication holes is
installed,

inthe partition member, a restriction section disposed more

outside in the axial direction than the first and the second
communication holes and overlapping the membrane in
the axial direction through the first and the second com-
munication holes is installed; and

the first communication holes and the second communica-

tion holes are configured to penetrate in the axial direc-
tion a portion of the partition member, the portion being
located between an inner surface of the accommodating
chamber and an end surface of the partition member in
the axial direction, and communicate the accommodat-
ing chamber with the main liquid chamber and the sub-
sidiary liquid chamber.

2. The vibration-damping device according to claim 1,
wherein each of the first and the second communication holes
are disposed in plurality at intervals in a circumferential
direction of the first attachment member,

the length in the circumferential direction of the commu-

nication holes is gradually increased from the inside
toward the outside in a radial direction of the first attach-
ment member,

an inter-hole portion disposed between the first and second

communication holes neighboring in a circumferential
direction of the partition member extends in the radial
direction, and

the length in a circumferential direction of the inter-hole

portion is gradually increased from the inside toward the
outside in the axial direction.

3. The vibration-damping device according to claim 2,
wherein a surface of the inter-hole portion directed inward in
the axial direction is formed in an arc shape convexed inward
in the axial direction when seen in a cross-sectional view in
both of the axial direction and the circumferential direction.

4. The vibration-damping device according to claim 1,
wherein each of the first and the second communication holes
are disposed in plurality at intervals in a circumferential
direction of the first attachment member,

in the partition member, inter-hole portions are disposed

between the first communication holes neighboring in
the circumferential direction and between the second
communication holes neighboring in the circumferen-
tial direction, and

the restriction section is disposed more outside in the axial

direction than the inter-hole portions.
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